The impacts of climate and land use changes on river discharge in the Lam Chi subwatershed in northeast Thailand were assessed using the H08 model. We calibrated and validated the model based on land use type using observational data from the Royal Irrigation Department and evaluated it using the Nash-Sutcliffe Efficiency Coefficient. After calibration, we used climate data from CMIP5 for 2022-2031 and land use data projected by the CLUE model to estimate future river discharge. We found that discharge will increase due to increases in precipitation between the past (1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995) and future (2022)(2023)(2024)(2025)(2026)(2027)(2028)(2029)(2030)(2031). Discharge in the forested area is lower than that in the agricultural area due to differences in soil depth, the subsurface flow rate, and evapotranspiration. The main factor affecting discharge is plant evapotranspiration. Furthermore, the impact of land use change is smaller than that of climate change in determining the progression from current to future discharge, whereas the opposite was observed for the transition from the historical to more recent past.
INTRODUCTION
At present, flooding and water shortages are global problems (Wetherald and Manabe, 2002) that are influenced by natural factors and human activities, such as climate and land use change (IPCC, 2007) . Climate change has other effects, such as changes in the amount of ice on the ocean and land (Neill et al., 2017) , temperature, and hydrology (IPCC, 2013) . Climate change has resulted in increased runoff in southern and eastern Asia during the wet season, and water may not be available during the dry season (Arnell, 2004) . In addition to problems related to climate change, land use change causes other problems. Land use change has significant impacts on natural resources, including water, soil, and plants (Lawler et al., 2013) . The ongoing expansion of agricultural areas in Asia has sharply reduced the area of forest. Deforestation affects the hydrological cycle and increases soil erosion, flooding, and landslides (Wu, 2008) . These land use activities have had substantial negative consequences, including increased anthropogenic CO 2 emissions, deteriorated air and water
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Thailand is facing many problems related to water, with floods and droughts as the two most prominent . Many studies have examined the relationship between river discharge and climate change in Thailand. Watanabe et al. (2014) projected future discharge of the Chao Phraya River using general circulation models (GCMs) and the H08 model. Their results suggested that future river discharge may increase by 60-90% when compared with river discharge in the reference period (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) and peak in September. Champathong et al. (2013) investigated discharge in the Chao Phraya River basin and evaluated the uncertainty in future climate projections using the Meteorological Research Institute Atmospheric General Circulation Model (MRI-AGCM). Most research has shown that precipitation is likely to increase in the future, and that this change may increase river discharge, which will peak in the middle of the wet period in Thailand.
In comparison, few studies have examined the impact of land use change on river discharge in Thailand. Petchprayoon et al. (2010) studied the hydrological impact of land use/land cover change in the Yom River watershed, in northern Thailand. They showed that the expansion of urban areas by 132% (from 210 km 2 in 1990 to 488 km 2 in 2006) resulted in a positive temporal trend in river discharge. Population growth has led to increased demand for agricultural land, which has resulted in the destruction of forest areas and land use change. These changes will affect the water cycle and likely river discharge, although this issue has not been clarified.
Land use in the Lam Chi subwatershed of the Mun watershed in northeast Thailand has changed dramatically from more than 90% forest to agricultural areas. The remaining forest occupies less than 10% of the total area, while agricultural areas cover more than 65% of the total area. Therefore, we estimated the change in discharge with climate and land use change to understand the future impacts of climate and land use changes on river discharge in such a small watershed.
DATA AND METHODS
To calculate river discharge, we used the land surface process and river module of the H08 model, which is a global hydrological model (Hanasaki and Yamamoto, 2010) that integrates six modules (Hanasaki et al., 2008) .
Data

Climate data
We used the downscale daily climate data in 5-arc minute resolution from four datasets: 1) the Water and Global Change (WATCH) forcing data (WFD; Weedon et al., 2011 Weedon et al., ) for 1963 Weedon et al., -1972 , 2) the Second Global Soil Wetness Project (GSWP2; Dirmeyer et al., 2006 Dirmeyer et al., ) for 1986 Dirmeyer et al., -1995 ) the WATCH Forcing Data methodology applied to ERA-Interim data (WFDEI; Weedon et al., 2014) or 69% of the total area. Furthermore, we projected the future land use (Figure 1d ) using the CLUE model (Conversion of Land Use and its Effects modelling framework), which was developed to simulate land use change using empirically quantified relationships between land use and its driving factors (Verburg, 2010) . In this study, we used the land use in 2009 as baseline data and topography data (slope, elevation and urban area) as a driving factor for the simulation of future land use. In this simulation, the paddy fields were converted into other types of land use.
Methodology
Data preparation
The flow direction data at 5-arc minute resolution for the Lam Chi subwatershed used for the H08 models were prepared from elevation data from a topographic map produced by the Royal Thai Survey Department using the Geographical Information System (GIS).
We examined 11 cases (Table I) (2024)). To estimate the impact of climate change on river discharge, we compared the results using climate data for different periods and land use data for the same period; to estimate the impact of land use change on river discharge, we compared the results using climate data for the same period and land use data for different periods. For example, the results obtained using climate data for 1986-1995 (case P-P) were compared with those obtained using climate data for 2005-2014 (case C-P) and 2022-2031 (case F-P) based on land use in 1990. By contrast, the results obtained using the land use data for 1990 (case P-P) were compared with those obtained using land use data for 1963 (case P-H) based on climate data for 1986-1995. Calibration of H08 model
Parameters of the H08 model that are susceptible to river discharge and related to land use (Mateo et al., 2012) are soil depth (SD), bulk transfer coefficient (CD), time constant for daily maximum subsurface runoff (τ), and a shape parameter (γ) that is related to subsurface flow . The model can be calibrated by changing the values of the parameters based on land use type and evaluated using the Nash-Sutcliffe Efficiency Coefficient (NSE). When the NSE value is close to 1, both outcomes agree well; when the NSE value is close to 0, the groups are poorly related (Suwanlertcharoen, 2011) . First, we calibrated the river discharge simulated by the model using climate data for 2005-2014 and land use data for 2009 (case C-C) with observational data from four stations. Then, we used the value from the calibration to validate the model outputs for 1963-1972 (case H) and 1986-1995 (case P) . The details of the optimum parameter values and the accuracy of the model are shown in Tables SI and SII, respectively.
RESULTS AND DISCUSSION
River discharge of Lam Chi subwatershed
We estimated discharge from the Lam Chi subwatershed in case C-C for calibration and in cases H-H and P-P for validation of the H08 model. Evaluation of the accuracy and compatibility of the monthly flow rate using measurements of the Lam Chi subwatershed and the H08 model yielded NSE values for case C-C at stations 4-7 of 0.60 (Figure 2a 
Impacts of climate changes on the river discharge
Considering the impact of climate change from the historical to recent past, the monthly rainfall in case H-H is likely higher than that in case P-H (Figure 3a ) and the river discharge in case H-H is greater than that in case P-H (Figure 3e) . For the past, we found that the monthly rainfall in cases C-P and F-P was higher than that in case P-P (Figure 3d ). Consequently, discharge in cases C-P and F-P was greater than that in case P-P. In addition, the river discharge simulated for land use in 2009 (C) and in the future (F) showed a tendency in the same direction. These results imply that the monthly rainfall and river discharge for the climate in 2005-2014 (C) are less than the results for the (Figure 3b and 3f) . Consequently, the main climate factor affecting river discharge is taken to be rainfall.
Impacts of land use changes on the river discharge
After performing the calibration, we adjusted the parameter related to land use type and used different values to estimate the river discharge in the case of climate and land use change.
(1) using historical climate data (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) Considering the three cases based on the historical climate, we found that discharge was higher in cases H-P and H-C than in case H-H, and that case H-P was only slightly higher than case H-C in August, September, and October ( Figure 4a and Figure S2 ). These results were attributed to the fact that most of the land in case H-H is forest, which results in a high evapotranspiration rate.
(2) using climate data in the past (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) Monthly river discharge in case P-H, when most of the land was forest, was lower than that in case P-P, when most of the land was paddy fields (Figure 4b ), likely due to the high evapotranspiration rate in the forested areas (Table  SIII) . In forests, 89-97% of the total rainfall evapotranspired during 1986-1995; by comparison, in paddy fields evapotranspiration accounts for 83-93% of the total rainfall. (3) using climate data in the current (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) Because most land use in cases C-C and C-P is paddy fields, the discharge in both cases is very similar. The discharge in case C-F, in which most of the area is field crops, is lower than that in cases C-P and C-C (Figure 4c ) only in August, September, and October. This reflects the higher evapotranspiration rate and greater soil depth in crop fields than in paddy fields; rainfall in crop fields is likely to seep into the soil and may contribute more to groundwater. The differences in evapotranspiration, soil depth, and the time constant for the daily maximum subsurface runoff of each land use type result in differences in discharge for each case.
The impact of land use change on discharge is lesser for the land use in case H (1963, mainly forest) than in cases P (1990, mainly paddy fields) and C (2009, mainly paddy fields). Moreover, the discharge for cases with P and C land use did not differ. The differences in discharge in each case arise from the differences in three factors for each land use type: evapotranspiration, soil depth, and subsurface flow rate. From the water balance of each case (Tables SIII and  SIV) , which showed that most water in the system will evaporate, we speculate that evapotranspiration is the most influential factor in this area. The leaf area index (LAI) is a primary factor controlling differences in evapotranspiration among plants (Zha et al., 2010) . In areas where the LAI is high, such as forests, canopy interception reduces the net precipitation to the soil surface (Simic et al., 2014) . When precipitation is intercepted by leaves, more is likely to evaporate into the atmosphere. These factors are part of the water cycle and affect the differences in water balance found in each case. The H08 model with the calibrated parameters for period C (2005-2014) is capable of capturing the land use changes because simulations with changing land use, such as P-H, H-P, and H-C, produced worse simulations than those with the correct land use, i.e. P-P and H-H (Table SII shows the accuracy of the model). (4) using climate data in the future (2022) (2023) (2024) (2025) (2026) (2027) (2028) (2029) (2030) (2031) This study used climate data for the future (2022-2031) and P (1990), C (2009), and F (future) land use to calculate river discharge. We found that the discharge in cases F-P and F-C was greater than that in case F-F in the rainy season. The results for the other months did not differ ( Figure  4d ) because the evapotranspiration, soil depth, and subsurface flow rate in case F-F are higher than those in cases F-P and F-C. We found no difference between cases F-C and F-P (Figure 4e) .
The results considering climate and land use changes showed a clearer effect on the river discharge only in the case of land use change from H (1963) to P (1990; forest to paddy field), whereas only a slight effect was revealed for the case of change from C (2009) to F (paddy field to field crops). In comparison, the small change in rainfall from C Figure 2 . The calibration evaluated using the Nash-Sutcliffe Efficiency Coefficient (NSE). An NSE value close to 1 indicates that the two cases are similar, whereas a value close to 0 indicates that the cases are poorly related (2009) to F had a tremendous effect on river discharge ( Figures S1 and S2 ). For example, in cases C-F and F-F, the rainfall for period F is slightly higher than that for period C; however, it has a huge impact on river discharge, resulting in a marked difference in river discharge between periods F and C. Moreover, the change in land use in the Lam Chi subwatershed from forest in 1963 (H) to agricultural in 1990 (P) affected river discharge more than the change from one type of agriculture in 2009 (C) to another in the future (F). Tables SIII and SIV show the details of the  water balance and Tables SV-SVIII show the percentage change in each situation from the historical period to the future.
CONCLUSIONS
We estimated the river discharge by combining climate and land use data for different periods to try to determine whether climate change or land use change has a greater effect on river discharge. We calibrated the discharge simulated by the model using climate data for 2005-2014 and land use data for 2009 (case C-C) and used the NSE to check the accuracy of the model. This assessment showed that the results for the cases using land use in 1963 and climate data for 1963-1972 (H-H) and land use in 1990 and climate data for 1986-1995 (P-P) are better than those for cases considering land use change, i.e. H-C, H-P, and P-H.
The impact of climate change shows that discharges determined from historical and future climate data are greater than those determined from current and past climate data. In the Lam Chi subwatershed, most rainfall evaporates; for example, 88-90% of the total rainfall evaporated during [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . Nevertheless, we showed that the change in rainfall from the current period to the future will affect river discharge. Climate has a great influence on evaporation, and a slight change in climate will thus have a tremendous effect on river discharge. Figure 3 . Monthly discharge and rainfall in the case of climate change (P-P, P-H, C-P, F-P and H-H); Year 01 to 10 in the figure refers to year number 1 to 10, for example, 01 means 1986 in case P-P, 2005 in case C-P, 2022 in case F-P and 1963 in case H-H In addition, land use in the Lam Chi subwatershed changed considerably from forest to agriculture in the recent past and will likely change from paddy fields to crop fields in the future. The factors that affect river discharge are soil depth, subsurface flow rate, and evapotranspiration from plants. The river discharge from forest is lower than that from paddy fields. The land use change from forest to agricultural area has a greater effect on river discharge than does a change from one type of agriculture to another.
In conclusion, land use change likely had a greater impact than climate change on river discharge during the transition from the historical to recent past. In contrast, during the current period to the future, climate change is likely to have a greater impact than land use change on river discharge. The methodology used to simulate how land use change affects river discharge should be applicable to other studies.
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